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ABSTRACT 
Background: In the US 47.2% of adults have periodontitis. Alcohol affects the host 
response, impairs immune function, has toxic effects on the liver and affects with protein 
metabolism, and therefore may increase the risk of periodontitis. Alcohol may also 
interfere with homocysteine (Hcy) metabolism and result in hyperhomocysteinemia 
(HHcy), a risk factor for inflammatory diseases such as cardiovascular disease and possibly 
periodontal disease. Understanding the exact relationship between alcohol consumption, 
HHcy and periodontitis is incomplete.  
Objectives: To add to our understanding of the alcohol-periodontitis, periodontitis-Hcy 
and alcohol-Hcy associations longitudinally by addressing methodological issues that 
confound past research. 
Methods: The study used existing data from 562 male participants in the VA Dental 
Longitudinal Study (DLS) who answered food frequency questionnaires (FFQ), underwent 
periodontal examinations and had plasma . Hcy measurements (N=469). Periodontitis was 
 vi 
 
defined using the CDC case definition (Eke et al., 2009) and categorized into 
none/mild/moderate or severe disease. HHcy was defined as Hcy ≥10.2 umol/L based on 
Spence et al., 2001. Alcohol intake was categorized as none, ≤ 1 drink/day, >1 but <2 
drinks/day, or ≥ 2 drinks/day. 
Results: In longitudinal analyses, the risk of developing severe periodontitis among 
alcohol consumers was 10-17% higher over a period of 19-years compared to non-drinkers 
after controlling for age, smoking, diabetes, education, and number of teeth present. These 
estimates were higher still among men with lower than average vitamin B6 or B12 intakes. 
However, these results were not statistically significant The analyses suggested  that men 
with mild, moderate or severe periodontitis had greater hazards of developing HHcy 
compared to disease-free participants after adjusting for covariates, but these results were 
not statistically significant. Consuming more than 2 drinks of alcohol per day significantly 
increased the risk of developing HHcy by 76% (p= 0.037). 
Summary: Our findings suggest that alcohol consumption may increase the hazards of 
developing severe periodontal disease especially if vitamin B complex intakes are low. 
These results also suggest that periodontal disease and alcohol consumption each increases 
the hazards of hyperhomocysteinemia. We believe this is the first prospective cohort study 
to examine associations among periodontitis, homocysteine and alcohol consumption. 
 
 
 
 vii 
 
TABLE OF CONTENTS 
 
DEDICATION ................................................................................................................... iii 
ACKNOWLEDGMENTS ................................................................................................. iv 
ABSTRACT ........................................................................................................................ v 
TABLE OF CONTENTS .................................................................................................. vii 
LIST OF TABLES .............................................................................................................. x 
LIST OF FIGURES .......................................................................................................... xii 
LIST OF ABREVIATIONS ............................................................................................ xiii 
INTRODUCTION .............................................................................................................. 1 
Hypothesis....................................................................................................................... 2 
Literature Review............................................................................................................ 3 
Periodontitis ................................................................................................................ 3 
References ..................................................................................................................... 13 
JOURNAL ARTICLE ONE: ASSOCIATION BETWEEN ALCOHOL 
CONSUMPTION AND PERIODONTAL DISEASE; A 19-YEAR PROSPECTIVE 
COHORT STUDY ............................................................................................................ 19 
Introduction ................................................................................................................... 20 
Materials & Methods .................................................................................................... 22 
Study Subjects ........................................................................................................... 22 
Demographic Data .................................................................................................... 23 
 viii 
 
Independent Exposure - Alcohol consumption ......................................................... 23 
Dependent Outcome - Periodontitis .......................................................................... 24 
Data Analysis ............................................................................................................ 24 
Results ........................................................................................................................... 25 
Longitudinal Results ................................................................................................. 25 
Discussion ..................................................................................................................... 26 
Conclusion .................................................................................................................... 29 
References ..................................................................................................................... 35 
JOURNAL ARTICLE TWO: ASSOCIATION BETWEEN PERIODONTITIS AND 
PLASMA HOMOCYSTEINE LEVELS; A 6-YEAR PROSPECTIVE COHORT 
STUDY ............................................................................................................................. 40 
Introduction ................................................................................................................... 41 
Materials & Methods .................................................................................................... 42 
Study Subjects ........................................................................................................... 42 
Demographic Data .................................................................................................... 43 
Independent Exposure Periodontal Data ................................................................... 43 
Dependent Outcome Plasma Homocysteine (Hcy) Data .......................................... 43 
Data Analysis ............................................................................................................ 44 
Results ........................................................................................................................... 45 
Discussion ..................................................................................................................... 45 
Conclusion .................................................................................................................... 48 
References ..................................................................................................................... 51 
 ix 
 
JOURNAL ARTICLE THREE: ASSOCIATION BETWEEN ALCOHOL 
CONSUMPTION AND PLASMA HOMOCYSTEINE LEVELS; A 6-YEAR 
PROSPECTIVE COHORT STUDY ................................................................................ 54 
Introduction ................................................................................................................... 55 
Materials & Methods .................................................................................................... 55 
Study Subjects ........................................................................................................... 55 
Demographic Data .................................................................................................... 56 
Independent Exposure: Alcohol Consumption ......................................................... 56 
Dependent Outcome Plasma Homocysteine (Hcy) Data .............................................. 57 
Data Analysis ............................................................................................................ 57 
Results ........................................................................................................................... 58 
Discussion ..................................................................................................................... 59 
Conclusion .................................................................................................................... 61 
References ..................................................................................................................... 64 
LIST OF ABBREVIATED JOURNAL TITLES ......................................................... 65 
CURRICULUM VITAE ................................................................................................... 67 
 
  
 x 
 
LIST OF TABLES 
Table 2.1: Baseline sample characteristics ........................................................................29 
Table 2.2: Sample distribution based on alcohol consumption category at baseline .........29 
Table 2.3: Sample distribution based on periodontal status (CDC/AAP case definition) at 
baseline ..................................................................................................................30 
Table 2.4: Odds ratios predicting the odds of having severe periodontitis at baseline ......31  
Table 2.5: Unadjusted Cox proportional hazard model predicting risk of developing 
severe periodontitis over time ................................................................................32 
Table 2.6: Adjusted Cox proportional hazard predicting the risk of developing severe 
periodontitis over time controlling for age, smoking, diabetes, education, number 
of teeth and BMI ....................................................................................................33 
Table 2.7: Adjusted Cox proportional hazard ratios of different alcohol groups stratified 
by intake of vitamin B6, vitamin B12, or Folate. Reference groups for each 
vitamin are intake > median controlling for age, smoking, diabetes, education, 
number of teeth and BMI .......................................................................................34 
Table 3.1: Baseline sample characteristics. .......................................................................48 
Table 3.2: Sample distribution based on serum homocysteine (Hcy) level category at 
baseline ..................................................................................................................49 
Table 3.3: Sample distribution based on periodontal status (CDC/AAP case definition) at 
baseline ..................................................................................................................49 
Table 3.4: Odds ratios predicting the odds of having an Hcy level above 10.2 umol/L at 
baseline ..................................................................................................................50 
 xi 
 
Table 3.5: Cox proportional Hazard predicting the risk of developing an Hcy level of 10.2 
and higher over time ..............................................................................................50 
Table 4.1: Sample distribution based on alcohol consumption category at baseline .........61 
Table 4.2: Odds ratios predicting the odds of having a homocysteine (Hcy) level above 
10.2 umol/L at baseline ..........................................................................................62 
Table 4.3: Cox proportional Hazard predicting the risk of developing a homocysteine 
(Hcy) level of 10.2 and higher over time ...............................................................62 
Table 4.4: Cox hazard ratios of different alcohol groups stratified by intake of vitamin 
B6, vitamin B12, or Folate. Reference groups for each vitamin are intake > 
median. Controlled for age, smoking status, diabetes, and education level ..........63 
  
 xii 
 
LIST OF FIGURES 
Figure 1.1: Pathogenisis of Periodontitis (Modified from Page & Kornman 1997) ............4 
Figure 1.2: CDC Case definition for periodontal disease (Eke et al 2009) .........................6 
Figure 1.3: Homocysteine metabolism and possible periodontal association ...................11 
 
  
 xiii 
 
LIST OF ABREVIATIONS 
Hcy ................................................................................................................. Homocysteine 
HHcy ............................................................................................... Hyperhomocysteinemia 
DLS ............................................................................................. Dental Longitudinal Study 
FFQ ...................................................................................... Food Frequency Questionnaire 
CDC ................................................................. Centers for Disease Control and Prevention 
PPD, PD ................................................................ Periodontal Pocket Depth, Pocket Depth 
CAL, LOA .................................................. Clinical Attachment Loss, Loss of Attachment 
CEJ .............................................................................................. Cemento Enamel Junction 
umol/L ................................................................................................... Micromole per Liter  
tHcy .................................................................................................... Plasma Homocystiene 
AAP......................................................................... American Academy of Periodontology 
RBC............................................................................................................. Red Blood Cells 
MMP ............................................................................................. Matrix Metalloproteinase 
IL .......................................................................................................................... Interleukin 
TNF .................................................................................................. Tumor Necrosis Factor 
PMN .................................................................................. Poly Morphonuclear Neutrophil  
GSH..................................................................................................................... Glutathione 
VA .................................................................................................................Veteran Affairs 
CI............................................................................................................ Confidence Interval
 
 1 
 
INTRODUCTION 
The etiology of periodontal disease is multifactorial, and it is characterized by 
inflammation of the tissues supporting the tooth (Kornman & Löe , 1993). Once the balance 
between the host response and potentially pathogenic microorganisms is disrupted, the 
environment associated with the disease is changed. This is why periodontal disease is 
influenced by a variety of determinants in terms of manifestation and progression such as 
local, systemic, social, psychological and behavioral factors. The host protective 
mechanism can be modified by these determinants and thus they act as risk factors (Nunn, 
2003). 
Currently known risk factors for periodontal disease still do not explain the variation 
in disease severity. This gap of knowledge shifted researchers towards considering lifestyle 
factors such as alcohol consumption (Tezal, Grossi, Ho, Genco, 2001). 
It is estimated that 2 billion people across the world consume alcohol, and 76.3 million 
have some alcohol related complication (World Health Organization WHO, 2006). In the 
United States, 87.6 percent of people ages 18 or older reported that they drank alcohol at 
some point in their lifetime; while 71 percent reported that they drank in the past year 
(Substance Abuse and Mental Health Services Administration SAMHSA, 2012). Studies 
of the association between alcohol consumption and periodontal disease and the potential 
mechanism are inconclusive. Alcohol affects the host response, impairs immune function, 
and increases the frequency of infections while also having toxic effects on the liver and 
interfering with protein metabolism (Tezal, Grossi, Ho, Genco, 2001).  
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Furthermore, it was shown that ethanol suppresses bone turnover, stimulates bone 
resorption and may directly have a toxic effect on the peridontium in in vitro studies (Szabo 
, 1999). 
Another factor of interest is plasma homocysteine (Hcy), an amino acid which arises 
from the metabolism of dietary protein. Foods containing methionine are transformed into 
homocysteine, which can then be converted into the antioxidant cysteine or returned back 
to methionine. 
It has been hypothesized that alcohol interferes with Hcy metabolism and Hcy levels 
will build up and result in hyperhomocysteinemia. Hyperhomocysteinemia is a risk factor 
for inflammatory diseases such as cardiovascular disease, rheumatoid arthritis and possibly 
periodontal disease, which shares a similar immunoinfalmmatory profile with rheumatoid 
arthritis (Selhub, 2008) (Wallberg- Jonsson et al., 2002) (Joseph, Nath, Joseraj, 2011). 
In this study, we investigated the contributions alcohol has to chronic periodontal 
disease and to plasma Hcy, and evaluated whether periodontal disease modifies plasma 
Hcy levels. 
 
Hypothesis 
Three hypotheses were tested in this dissertation: (1) Increased consumption of alcohol is 
associated with worsening of periodontitis over time; (2) periodontitis is associated with 
an increase in plasma homocysteine levels over time; and (3) Alcohol consumption is 
associated with elevated homocysteine levels over time. 
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Literature Review 
Periodontitis 
Definition 
Periodontitis is a multifactorial inflammatory disease with an infectious origin, it leads to 
the breakdown and destruction of the tooth-supporting structures (Pihlstrom et al., 2005).  
Gingival inflammation, clinical attachment loss (CAL), alveolar bone loss, periodontal 
pocket formation, tooth mobility and pathological migration are clinical presentations of 
periodontal disease. (Armitage, 2003).  
 
Pathogenesis 
During the development and progression of periodontal disease, an immune response to 
the sub-gingival colonization of predominantly gram-negative bacteria results in the 
destruction of tissues. (Baker 2000, Socransky & Haffajee 1992). The three most important 
pathogens known to cause periodontitis are Treponema denticola, Tannerella forsythia and 
Porphyromonas gingivalis, described as red complex bacteria. (Socransky et al., 1998, 
Buonavoglia et al., 2013). 
There are other factors involved in the pathogenesis of periodontitis such as local, 
behavioral, systemic, and genetic risk factors (Figure 1.1). Periodontitis patients have 
higher concentrations of cytokines such as IL-1β (Fitzsimmons et al., 2010) and TNF-α 
(Beklen et al., 2007) than subjects who are periodontally healthy. In addition, there are 
several other factors involved in the pathogenesis of periodontitis such as adhesion 
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molecules, chemokines, cyclooxygenase-2, inducible nitric oxide synthase, and other 
proteolytic enzymes (Barros & Offenbacher, 2014).  
Periodontal destruction occurs as a result of the enhancement of metalloproteinase 
activity due to the elevated levels of serum cytokines (Raghava et al., 2013).  
Interleukin (IL-1β) and tumor necrosis factor (TNF-α) play a role in bone loss and 
connective tissue degradation by inducting matrix metalloproteinase (MMP) (Beklen et al., 
2007).  
 
Figure 1.1: Pathogenisis of Periodontitis (Modified from Page & Kornman, 1997) 
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Measurement of Periodontal Disease 
In oral epidemiology, bleeding on probing, gingival recession, periodontal pocket depth, 
clinical attachment loss, bacteria load, and x-rays showing marginal bone loss are used to 
describe the current periodontal status and periodontitis progression (Albandar & Rams 
2002, Albandar 2007, Page & Eke 2007, Eke et al., 2012).  
The use of pocket depth and clinical attachment loss in assessing the prevalence and 
incidence of periodontitis at population level changed the past notion that periodontitis is 
universal; then it was assessed based on gingival inflammation (Genco & Borgnakke 
2013).  
A more recent review defined periodontitis with a minimum diagnostic threshold at a 
given site: 3 mm in terms of probing pocket depth (PPD) and 2 mm in terms of clinical 
attachment loss (CAL) (Savage et al., 2009).  
Because it is not feasible to use all these parameters simultaneously, various indices 
have been developed and over time. Many definitions of periodontitis have been used in 
the literature for population-based studies, but with no accepted standard.  
The classification currently accepted by the American Academy of Periodontology 
(AAP) was devised by the 1999 International Workshop for a Classification of Periodontal 
Diseases and Conditions. However, in 2003 the Centers for Disease Control and Prevention 
and the AAP appointed a working group to develop further standardized clinical case 
definitions for population-based studies of periodontitis (Figure 1.2). This classification 
defines severe periodontitis and moderate periodontitis in terms of PD and CAL to enhance 
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case definitions and further demonstrates the importance of thresholds of PD and CAL and 
the number of affected sites when determining prevalence. 
 
Figure 1.2: CDC Case definition for periodontal disease (Eke et al., 2009). 
LOA=loss of attachment. PD=pocket depth. 
 
Epidemiology of periodontitis 
Globally, the prevalence of periodontitis ranges between 20% and 50% (Albandar & Rams, 
2002). This variation is due to the lack of uniformity of the definitions used and the 
variation in risk factors. (Eke & Genco, 2007)  Severe periodontitis has been reported in 
less than 10% of the population in both Europe and the United States. (Hugoson & 
Norderyd, 2008). 
 
Risk factors for Periodontitis 
Until the end of the 1970’s, the occurrence of periodontitis was considered to be equal in 
all adult age groups. However, researchers started to focus on various intrinsic and acquired 
risk factors for periodontitis in the early 1980’s. This was followed by the idea of high risk 
groups and the concept of susceptibility (Baelum & López, 2013). 
Severe periodontitis: >=2 teeth with interproximal LOA>=6 mm and >=1 tooth with 
interproximal PD>=5 mm 
Moderate periodontitis: >=2 teeth with interproximal LOA>=4 mm or >=2 teeth with 
interproximal PD>=5 mm 
Mild periodontitis: >=2 teeth with interproximal LOA>=3 mm and >=2 teeth with 
interproximal PD>=5 mm or one tooth with interproximal PD>=5 mm 
No periodontitis: No evidence of mild, moderate or severe periodontitis 
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Numerous epidemiological studies are in agreement with the potential risk factors for 
periodontitis stated in the Erie County studies; these factors are age, male gender, 
education, diabetes mellitus, subgingival infection (Grossi et al., 1995, Grossi et al., 1994). 
Furthermore, it was reported that old age, male gender, smoking, diabetes, obesity, 
osteoporosis in postmenopausal women, and possibly genetic factors are relevant risks. It 
was also concluded that periodontitis risk in those aged 35 years or more is higher in the 
less educated than highly educated (Genco & Borgnakke., 2013). 
 
Alcohol use as a risk factor 
Alcohol consumption is considered to be a behavioral risk factor for periodontitis. It is 
thought that alcohol use leads to the destruction of oral connective tissue and bone by 
modulating the immune responses or modifying plaque composition, which are known as 
key factors in the development of periodontitis (Bouchard et al., 2006). 
 
Alcohol and health outcomes 
Alcohol use has both immediate and long-term effects. The immediate effects include 
unintentional injuries, violence, still births, poisoning leading to loss of consciousness, low 
blood pressure and body temperature, coma, respiratory depression, or death (Sanap 
&Chapman, 2003). Long-term effects include neurological problems (dementia, stroke and 
neuropathy) (Corrao et al., 2004), and cardiovascular problems (myocardial infarction, 
cardiomyopathy, atrial fibrillation, and hypertension) (Rehm et al., 2002). Others are 
psychiatric problems (depression, anxiety, and suicide) (Castaneda et al., 1998), social 
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problems (unemployment, lost productivity, and family problems), and cancers (mouth, 
throat, esophagus, liver, colon, and breast) (Baan et al., 2007). And still others are liver 
diseases (alcoholic hepatitis and cirrhosis), and gastrointestinal problems (pancreatitis and 
gastritis). The relationship of alcohol and total mortality has been described by the J-shaped 
or U-shaped curves (Plunk et al., 2013). 
 
Homocysteine 
Homocysteine is formed as an intermediate step during the synthesis of cysteine 
from methionine, an essential amino acid that is derived mostly from meat, fish, and dairy 
products.After its formation, Hcy can be converted into cysteine, a reaction that is 
facilitated by vitamin B6. Or, it can be turned back into methionine by methionine synthase, 
whose activity is dependent on the presence of vitamin B12 and folic acid. If homocysteine 
cannot be converted into cysteine or returned to the methionine form, levels of 
homocysteine in the body increase causing hyperhomocysteinemia (Figure 1.3). 
 
Alcohol consumption and Plasma Homocysteine Levels 
Alcohol consumption and the risk of cardiovascular disease have been demonstrated as a 
J-shaped association in a number of epidemiologic studies. (Marmot & Brunner 1991, 
Jackson, Schragg, Beaglehole, 1991). While consuming alcoholic beverages in moderation 
may slightly reduce the risk, heavy drinking on the other hand increases it. (Doll, Peto, 
Hall, et al.,1994). Plasma homocysteine concentration is one of the well-established risk 
indicators for cardiovascular disease (Clarke, Daly, Robinson, et al., 1991). It appears that 
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tHcy is associated with alcohol consumption as well (Jacques, Bostom, Wilson, et al., 
2001). However, the nature of this association is not entirely understood and may be 
dependent on the type of alcoholic beverage. 
In a large cross-sectional study, an inverse relation was observed between alcohol 
consumption and tHcy concentrations. Ubbink, Fehily, Pickering, et al. (1998) utilized data 
from a cohort consisting of 2398 men to assess the predictive power of the serum total 
homocysteine concentration for future ischemic heart disease. They found that alcohol was 
negatively associated with serum tHcy levels. In fact, not only did those who consumed 
more alcohol have lower tHcy concentrations but also a higher mean dietary folate intake 
level. However, the authors explain that these findings were mediated through the folate 
content of the alcoholic beverages. They further explained that beer is the most widely 
consumed alcoholic beverage in the study area which contains about 9 μg of folate per 100 
ml. This may have modulated tHcy concentrations. They suggested that there may be a 
weaker or absent association in populations where different types of alcoholic beverages 
are favored. Finally, they went on to recommend that the alcohol effect should be studied 
more closely in different datasets. 
It has been suggested that the relation between alcohol consumption and tHcy is also 
J-shaped, which could explain the seemingly contrasting results from population-based 
studies and studies among alcoholics (Koehler et al., 2001). In that cross-sectional study 
the authors used linear regression to model changes in tHcy in a total of 278 elderly men 
and women. There were two different association between alcohol intake and tHcy: a 
positive association for intake ≥60 drinks/month compared with low intake, and effect 
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modification of folate intake and supplementation for alcohol use or nonuse. Alcohol 
nonusers had higher predicted serum tHcy and the inverse dose-response relation with food 
folate intake was smaller and less significant than in alcohol users. However, one must take 
into consideration that the age of the study population ranged from 66-94 years and so these 
findings may apply to only a population as such. 
The possible relation between tHcy concentrations and the consumption of various 
alcoholic beverages was studied in an adult population in France (Mennen, Potier de 
Courcy, Guilland, et al., 2003), where wine drinking is common. The authors measured 
tHcy and RBC folate concentrations of 1196 middle aged men and women. 
At the start of the study, they hypothesized that a J-shaped relation existed between 
alcohol consumption and tHcy concentrations. However, their results refuted that 
hypothesis. tHcy concentrations were positively associated with wine intake (P = 0.01) in 
the women and with beer intake in the men (P = 0.002). No association with the 
consumption of spirits was observed. The association between beer consumption and tHcy 
concentrations in the men was modified by the consumption of wine; the association was 
positive in wine drinkers, whereas an inverse trend was seen in those who drank no wine. 
The authors go on to explain that the fact that they did not find a positive effect of wine 
consumption on tHcy in the men can be explained by the positive association between red 
blood cell folate and wine consumption in these subjects. This relation may have masked 
the increasing effect of wine consumption. When they adjusted the model for folate (red 
blood cell folate) status, the association between wine consumption and tHcy indeed 
increased 10-fold (β-coefficient: 0.43 µmol/L per glass), but it still was not significant (P 
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= 0.21). The consumption of spirits in their population was probably too low to show a 
positive effect on tHcy. They concluded that the consumption of wine and spirits seemed 
to increase tHcy in a linear fashion as a result of the effects of alcohol. Moderate beer 
consumption, however, seemed to have no effect (or even an inverse effect) on tHcy, 
probably because of the folate, vitamin B-6, and vitamin B-12 contents of beer. 
 
Figure 1.3: Homocysteine metabolism and possible periodontal association.  
 
Possible mechanisms that could explain a link between periodontitis to HHcy would 
be that immuno-inflammatory reactions inflicted by periodontal pathogens induce the 
production of pro-inflammatory cytokines such as IL-6 from inflamed pockets, which may 
interact systemically with vitamin B6 which is crucial for the metabolism of Hcy and 
thereby elevate plasma Hcy concentrations. In addition, IL-6 may stimulate the activity of 
pyridoxal phosphatase in hepatocytes, and when these decrease, it compromises 
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cystathionine synthase activity which converts Hcy into cysteine thereby raising plasma 
Hcy (McCarty, 2000). Furthermore, a possibility would be that patients with teeth lost due 
to periodontitis may have a compromised diet and lesser intakes of vitamins B6, B12 and 
folate which may disrupt homeostasis with Hcy level. 
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Introduction 
Inflammation of tooth-supporting tissues characterizes periodontal disease in spite of its 
multifactorial etiology (Kornman, Löe, 1993). Once the balance between the host response 
and potentially pathogenic microorganisms is disrupted, the environment associated with 
the disease is changed. This is why periodontal disease is influenced by a variety of 
determinants in terms of manifestation and progression such as local, and systemic as well 
as social, psychological and behavioral factors. The host protective mechanism can be 
modified by these determinants and thus they act as risk factors. (Nunn , 2003) 
Currently known risk factors for periodontal disease still do not explain the variation 
in disease severity. This gap of knowledge shifted researchers towards considering lifestyle 
factors such as alcohol consumption. (Tezal, Grossi, Ho, Genco. 2001). 
It is estimated that 2 billion people across the world consume alcohol, and 76.3 million 
have some alcohol related complication (World Health Organization WHO, 2006). In the 
United States, 87.6 percent of people ages 18 or older reported that they drank alcohol at 
some point in their lifetime; while 71 percent reported that they drank in the past year 
(Substance Abuse and Mental Health Services Administration SAMHSA, 2012). Studies 
of the association between alcohol consumption and periodontal disease and the potential 
mechanism are inconclusive. Alcohol affects the host response, impairs immune function, 
and increases the frequency of infections while also having toxic effects on the liver and 
interfering with protein metabolism (Tezal, Grossi, Ho, Genco, 2001).  
Furthermore, it was shown that ethanol suppresses bone turnover, stimulates bone 
resorption and may directly have a toxic effect on the periodontium in in vitro studies 
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(Szabo, 1999). The relationship between alcoholism and periodontal risk seems to be well 
established in most studies that have examined only the effect of alcoholism on oral tissues 
(Larato 1972, Movin 1981, Novacek et al., 1995, Sakki et al., 1995). 
A number of studies have also been conducted to explore the relationship between 
alcohol consumption and risk of periodontitis in non-alcoholic populations. However, these 
studies are inconsistent in their results. Some studies found no association between the 
frequency of alcohol use and incidence of pocketing. This finding agrees with Harris (1997) and 
Jansson (2008); however these studies had certain limitations. Likewise, Shimazaki et al. (2005) 
reported no harmful effect of alcohol consumption on clinical attachment loss although they found 
more periodontal pockets ≥4 mm in those who consumed >15 gram/day of alcohol compared to 
non-drinkers and light drinkers. Some studies have shown a beneficial effect of alcohol. Two 
studies demonstrated that light drinkers tended to have better periodontal health than non-
drinkers (Tezal et al., 2001, Nishida et al., 2004). Despite this, numerous studies have 
shown a statistically significant association between alcohol consumption and risk of 
periodontitis (Sakki et al., 1995, Tezal et al., 2001, 2004, Pitiphat et al., 2003, 
Torrungruang et al., 2005, Bouchard et al., 2006, Nishida et al., 2008, Lages et al., 2012, 
Costa et al., 2013, Wu et al., 2013, Park et al., 2014); however, the others indicated no 
statistically significant associations (Shimazaki et al., 2005, Ojima et al., 2006, Okamoto 
et al., 2006, Minaya-Sanchez et al., 2007, Lages et al., 2012, Susin et al., 2014, Hach et al., 
2015).  
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Our objective was to further assess the association between alcohol consumption and 
periodontal disease longitudinally over a 19-year period while addressing methodological 
issues in terms of periodontal disease definition and dietary intake. 
 
Materials & Methods 
Study Subjects 
Subjects included in this study were part of the VA Dental Longitudinal Study (DLS) that 
was initiated in 1968.  The DLS originally included 1231 healthy men between the ages of 
21 and 84 who resided in the metropolitan Boston area.  The men were not patients of the 
VA healthcare system.  As part of this ongoing study, participants receive comprehensive 
dental examinations, health questionnaires, and dental radiographs every 3 years.  This 
longitudinal analysis of alcohol intake and periodontal disease was conducted using only 
the 562 DLS participants with food frequency questionnaire (FFQ) data, which were first 
collected in the mid-1980s, as well as detailed PD and CAL measures that were needed for 
our periodontal definition (Eke et al 2009) between the cycles of 1987 – 2006.  For the 
purpose of this study, the 1987 cycle is considered baseline. All completely edentulous 
participants were excluded from the sample at baseline. Those who became edentulous at 
later points of time were censored in the longitudinal analysis.  
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Demographic Data 
All subjects completed written questionnaires regarding their age, health (including 
diabetes), education, smoking status.  Weight and height were measured at all 
examinations.  
 
Independent Exposure - Alcohol consumption 
Habitual dietary intake was also determined at each visit using the FFQ developed by 
Willett et al. (1987).   The questionnaire consists of 145 food items classified into 42 
categories per the American Dietetic Association Exchange List for Meal Planning.  For 
beverages, subjects are directed to estimate habitual intake frequency according to 10 
distinct categories, ranging from “never” to “6+ servings per day”. Serving sizes of 
alcoholic beverages were explained on the questionnaire for each item (beer = 1 glass, 
bottle, can; wine = 4 oz glass; liquor = 1 drink or shot). Total grams of alcohol were 
computed by multiplying frequency by grams in each serving. Subjects were then 
categorized into four consumption groups based on the definition of a standard drink as 
having 14 grams of alcohol ; non-drinkers, those consuming ≤ 1 drink/day (mild 
consumers), those consuming >1- <2 drinks/day (moderate consumers) and finally, those 
consuming ≥ 2 drinks/day (heavy consumers). This categorization is based on the CDC 
dietary guidelines for Americans where the recommended safe amount for men is two 
drinks per day.  Furthermore, subject were stratified according to intakes of B complex 
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vitamins. The median daily intakes of Vitamins B6, B12 and folic acid were used as cut-
off points to classify individuals into below or above average intake groups.  
 
Dependent Outcome - Periodontitis 
Oral examinations were completed by a calibrated board-certified periodontist.  At each 
examination, the number of teeth was counted and the periodontal status of all remaining 
teeth were assessed.  Probing pocket depth (PPD), defined as the distance from the gingival 
margin to the bottom of the pocket, and clinical attachment loss (CAL), defined as the total 
distance from the cemento-enamel junction (CEJ) to the bottom of the pocket, were 
measured on all teeth and recorded in millimeters. 
We used two methods to summarize periodontal status. The first was the maximum 
PPD and CAL reading per individual (continuous data) and second being the CDC case 
definition by Eke et al, 2009 (categorical data) which was further dichotomized to either  
no/mild/moderate disease or severe disease.  
 
Data Analysis 
A chi-square test was used in the univariate and repeated data bivariate analysis in order to 
identify any statistical association between alcohol consumption and periodontitis. In our 
cross-sectional analysis we performed descriptive statistics at baseline as well as logistic 
regression models to predict the odds of severe periodontal disease adjusting for 
confounders. In our longitudinal analysis we computed Cox proportional hazard ratios to 
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estimate the relative hazard of developing severe periodontitis at each exam cycle 
accounting for time-varying covariates. Our confounders were determined either by 
biological plausibility or by statistically significant association with the outcome in the 
bivariate analysis. These included age, education level, diabetes, smoking status, BMI, 
dietary intakes of vitamins B6, B12 and folic acid as well as number of teeth. We examined 
the proportional hazards assumption in these Cox regression models by including 
interactions of the relevant independent variables with follow-up time. 
 
Results 
This prospective study included 562 men between the ages of 45 and 93 years (mean = 
66.4 ± 7.3) at baseline The mean number of teeth of these individuals was 19.8± 7.8 at 
baseline. Maximum CAL per individual ranged from 3 to 9mm (mean 6.25±1.7) whereas 
the mean maximum PPD per individual was 4.9±1.5 mm and also ranged from 3 to 9mm.  
The mean grams of alcohol consumed per day were 12.7 g (Table 2.1). At baseline, the 
odds of light moderate and heavy alcohol consumers to have severe periodontal disease 
were 0.89 (95% CI, 0.51-1.54), 0.84 (CI, 0.39-1.79), and 0.87 (CI, 0.42-1.81), respectively, 
compared to those who do not drink (Table 2.4) 
 
Longitudinal Results 
The unadjusted Cox proportional regression analysis showed a decreased risk of 
developing severe periodontitis over a period of 19 years with increasing drinks/day. In 
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terms of alcohol consumption category, for those who consumed mildly, moderately and 
heavily the hazard ratios were 0.77 (95% CI, 0.53- 1.11), 0.87 (CI, 0.54- 1.39), and 0.90 
(CI, 0.57- 1.43), respectively, compared to participants who did not drink (Table 2.5). In 
contrast, the adjusted Cox proportional regression analysis showed an increased risk of 
developing severe periodontitis over a period of 19 years with increasing drinks/day. In 
terms of alcohol consumption category, for those who consumed mildly, moderately and 
heavily the hazard ratios were 1.10 (95% CI, 0.74 - 1.64), 1.12 (CI, 0.68- 1.85), and 1.17 
(CI, 0.71- 1.93) respectively compared to participants who did not drink (Table 2.6). 
During the period of study of 19 years, 170 events occurred out of 483 individuals while 
313 individuals were censored.  We found the proportional hazards assumption to be valid 
in these data for this model (no significant interaction with follow-up time was observed). 
A stratified analysis based on daily consumption above or below the medians of vitamin B6 
(median=2.68 mg), vitamin B12 (median=8.62 mg) and folate (median= 395 mg) was performed. 
Table 2.7 shows that alcohol consumption at any level increased the adjusted hazards of developing 
severe periodontitis when vitamin intakes were below average, with the highest hazards ratio 
occurring for vitamin B12. However the hazards ratios were not statistically significant.  
 
Discussion 
The mechanisms underlying the association between alcohol consumption and risk of 
developing periodontitis are still far from clear. Several biologically plausible explanations 
have been reported. Periodontal disease may be associated with impaired neutrophil 
phagocytosis (Hart et al., 1994). Alcohol could also weaken neutrophil function, resulting 
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in bacterial overgrowth and increasing bacterial penetration (Szabo, 1999), which could 
lead to periodontal inflammation. Alcohol intake could lead to toxic effects on the 
periodontium and may reduce monocyte production of inflammatory cytokines which may 
be beneficial to microbial proliferation (Maier et al., 1994, Szabo et al., 1996). The 
inflammatory cytokines such as TNFa, IL-1 and IL-6 released by monocytes in the gingival 
crevice have been proven to be interrelated in periodontitis development (Offenbacher, 
1996). In contrast, some studies have shown a beneficial effect of alcohol. Two studies 
demonstrated that light drinkers tended to have better periodontal health than non-drinkers. 
(Tezal et al., 2001., Nishida et al., 2004); this may be attributed to antioxidants or B-
complex vitamins in the beverages or possibly a simple antiseptic effect. 
Our results were suggestive of an increased risk of developing severe periodontitis in 
alcohol consumers over a period of 19 years ranging from 10% to 17%. This risk appeared 
to be greater when alcohol consumers had lower than average dietary intakes of vitamins 
B6 and B12 (26%-71%). This may explain some of the variation in previous studies where 
stratification based on dietary intake was not performed. Some studies have previously 
suggested a relation between vitamin B complex deficiencies and periodontal disease 
progression as well as wound healing (Neiva et al., 2003). Vitamin B6 is used by the body 
in the utilization of amino acids (Morrow & Grimsley, 1999). 
Folic acid and vitamin B12 are two closely related B complex vitamins that are 
necessary for the bone marrow to produce red blood cells, and a deficiency of either can 
lead to advanced anemia (Clements, 1975) Deficiencies of vitamin B6 are rare and are 
usually related to an overall deficiency of all the B-complex vitamins (Doke et al., 1998, 
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Moriwaki et al., 2000). Data have provided possible mechanisms in which nutrition may 
influence periodontal disease onset, progression, and wound healing. For example, it has 
been suggested that in response to periodontal pathogens, the polymorphonuclear 
leukocytes (PMN) elaborate destructive oxidants, proteinases, and other factors. The 
balance between these factors, the antioxidants, and endogenously synthesized 
antiproteinases determine the extent of periodontal damage (Page 1991, Lamster & Novak 
1992). Malnutrition is characterized by marked tissue depletion of the key antioxidant 
nutrients, including gamma-glutamyl-cysteinyl-glycine (GSH), and impaired acute-phase 
protein response to infections (Bruun et al., 1999). Acute-phase protein response plays a 
key role in promoting healing, and its deficit in malnutrition is due to impairment in the 
production and cellular action of the cytokines (Albina, 1994).  
Our findings are in agreement with findings by Zong et al. (2016) of an inverse relation 
between serum vitamin B12 and the progression of periodontitis and tooth loss in a large 
prospective cohort. However, the exact mechanism is yet to be fully understood.  
There are a few limitations to our study. The study participants were pooled from a 
convenience sample and thus the risk of selection bias cannot be completely ruled out. In 
addition, the participants were primarily white men and thus results may not be applicable 
to other races/ethnicities or women. Furthermore, a large number of participants was lost 
to follow-up (64.8%) by the end of the 19-year period. This may increase the risk of 
systematic error due to differential loss to follow-up. 
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Conclusion 
These results suggest that alcohol consumption may increase the hazards of developing 
severe periodontal disease between 10-17% over a period of 19 years. This risk was higher 
when alcohol consumers had lower than median dietary intakes of vitamins B6 and B12 . 
However, the findings were not statistically significant.  Future studies are needed to 
confirm these results in additional cohorts. 
 
Table 2.1: Baseline sample characteristics.  
Variable N Mean SD 
Age in years 562 66.4 7.3 
Number of Teeth Present (Excluding 3rd Molars) 562 19.8 7.8 
Grams of alcohol consumed per day 562 12.7 17.9 
Max. Clinical Attachment Loss Score per individual in mm 562 6.25 1.7 
Max. Periodontal Pocket Depth Score per individual in mm 562 4.9 1.5 
 
Table 2.2: Sample distribution based on alcohol consumption category at baseline 
Alcohol Consumption Frequency (n=562) Percent 
No Drinking 133 23.7% 
Consuming  ≤ 1  drink/day 265 47.1% 
Consuming  >1- <2 drinks/day 80 14.2% 
Consuming  ≥ 2 drinks/day 84 15% 
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Table 2.3: Sample distribution based on periodontal status (CDC/AAP case definition) at 
baseline. 
Periodontal Status Frequency (n=562) Percent 
No Disease 59 10.5% 
Mild Disease 26 4.6% 
Moderate Disease 369 65.7% 
Severe Disease 108 19.2% 
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Table 2.4: Odds ratios predicting the odds of having severe periodontitis at baseline.  
Variable Odds 
Ratio 
95% CI 
Consuming  ≤ 1  drink/day vs. No drinking 0.89 0.51-1.54 
Consuming  >1- <2 drinks/day vs. No drinking 0.84 0.39-1.79 
Consuming  ≥ 2 drinks/day vs. No drinking 0.87 0.42-1.81 
Age 1.04 1.01-1.07 
Former cigarette smoker vs. non smoker 1.72 0.67-4.44 
Current cigarette smoker vs. non smoker 1.75 0.76-4.07 
College level education vs. high school 0.82 0.49-1.38 
Higher than college education vs. high school 0.47 0.25-0.86 
Diabetic V.s non diabetic 1.75 0.79-3.85 
BMI 1.02 0.96-1.09 
Dietary Folate  (Mcg/day) 1.00 0.99-1.00 
Number of teeth present. 1.00 0.95-1.01 
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Table 2.5: Unadjusted Cox proportional hazards predicting risk of developing severe 
periodontitis over time by alcohol intake level. 
Variable   Hazards ratio 95% CI 
Consuming  ≤ 1  drink/day vs. No drinking 0.77 0.53- 1.11 
Consuming  >1- <2 drinks/day vs. No drinking 0.87 0.54- 1.39 
Consuming  ≥ 2 drinks/day vs. No drinking 0.90 0.57- 1.43 
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Table 2.6: Adjusted Cox proportional hazards predicting the risk of developing severe 
periodontitis over time by alcohol intake level, controlling for age, smoking, diabetes, 
education, number of teeth and BMI 
Variable Hazards ratio 95% CI 
Consuming  ≤ 1  drink/day vs. No drinking 1.10 0.74- 1.64 
Consuming  >1- <2 drinks/day vs. No drinking 1.12 0.68- 1.85 
Consuming  ≥ 2 drinks/day vs. No drinking 1.17 0.71- 1.93 
Age 1.09 1.06- 1.11 
Current Smoking vs. non smoking 1.97 1.07- 3.63 
Former Smoking vs. non smoking 1.44 0.77- 2.69 
Diabetic vs. non diabetic 2.16 1.22- 3.82 
College level education vs. high school 0.97 0.68- 1.38 
Higher than college level education vs. high school 0.51 0.33- 0.78 
Number of teeth present. 1.00 0.97- 1.02 
BMI 1.02 0.97- 1.07 
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Table 2.7: Cox proportional hazards ratios predicting the risk of developing severe 
periodontitis over time by alcohol intake level and stratified by intake of vitamin B6, 
vitamin B12, or folate. Reference groups for each vitamin are intake > median. Hazards 
ratios are controlled for age, smoking, diabetes, education, number of teeth and BMI 
 
Alcohol consumption level 
 
Vitamin B6 
intake <2.68 
mg/d  
 
Vitamin B12 
intake <8.62 
g/d  
 
Folate intake 
<395 g/d  
 
Consuming  ≤ 1  drink/day vs. non 
drinkers 
1.30 
(p=0.34) 
1.43   
(p=0.23) 
1.24           
(p=0.45) 
 
Consuming >1- <2 drinks/day vs. non 
drinkers  
1.26 
(p=0.52) 
1.71    
(p=0.13) 
1.12          
(p=0.76) 
 
Consuming  ≥ 2 drinks/day vs. non 
drinkers 
1.31 
(p=0.46) 
1.58    
(p=0.20) 
1.12          
(p=0.76) 
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Introduction 
Homocysteine (Hcy) is a Sulphur containing amino acid that has been proposed as a 
biomarker for inflammation. Hcy is biosynthesized as an intermediate product during 
metabolism of two amino acids; the essential amino acid methionine can be converted into 
cysteine but if this process is disrupted, plasma concentrations of Hcy will rise and result 
in hyperhomocysteinemia (HHcy) (Finkelstein 1990, Medina et al., 2001, Lazzerini et al., 
2007).  
A positive relation exists between the concentration of Hcy and certain parameters 
of inflammation, such as circulating levels of soluble receptors for cytokines (interleukin 
[IL]-2sRa, Stnfr75), adhesion molecule (slCAM-1) (Wållberg-Jonsson et al., 2002)  and 
C-reactive protein (Schroecksnadel et al., 2003). These same markers are increased in 
periodontal disease in response to bacterial flora and its products (Gomes-Filho et al., 
2011). It has been suggested therefore that the inflammation resulting from periodontal 
disease affects the systemic continuum possibly resulting in HHcy via a similar 
mechanism.  
In a recent case-control study, elevated levels of Hcy were found in subjects with 
chronic periodontitis who were otherwise healthy (Joseph et al., 2010). In a more recent 
study of healthy 30-39 year old patients with moderate to severe chronic periodontitis and 
controls (Bhardwaj et al., 2015), plasma Hcy samples were collected and quantified at 
baseline and 12 weeks after non-surgical periodontal therapy. They reported that plasma 
Hcy levels were significantly higher in patients than healthy individuals at baseline and 
significantly reduced at 12 weeks follow-up after periodontal therapy. However, larger 
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cross-sectional studies failed to demonstrate an association (Chapple et al., 2007, Han et 
al., 2012).  
Our aim was to evaluate the relation between periodontitis and plasma Hcy 
longitudinally. To the best of our knowledge this is the first prospective cohort study 
addressing this question. 
 
Materials & Methods 
Study Subjects 
Subjects included in this study were part of the VA Dental Longitudinal Study (DLS) that 
was initiated in 1968.  The DLS originally included 1231 healthy men between the ages of 
21 and 84 who resided in the metropolitan Boston area.  The men were not patients of the 
VA healthcare system.  As part of this ongoing study, participants receive comprehensive 
dental examinations, health questionnaires, and dental radiographs every 3 years. Since 
baseline, 11 dental examination cycles have been completed.  This longitudinal analysis of 
periodontal disease and plasma homocysteine levels was conducted using only the 469 
DLS participants with periodontal exam measurements (clinical attachment loss CAL, 
probing pocket depth PPD) and serum homocysteine levels in umol/L measured between 
1995 - 2001.  For the purpose of this study, the 1995 cycle is considered baseline. 
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Demographic Data 
All subjects completed written questionnaires regarding their age, health, education, 
smoking status.   
 
Independent Exposure Periodontal Data 
Oral examinations were completed by a calibrated board-certified periodontist.  At each 
examination, the number of teeth was counted and the periodontal status of all remaining 
teeth were assessed.  Probing pocket depth (PPD), defined as the distance from the gingival 
margin to the bottom of the pocket, and clinical attachment loss (CAL), defined as the total 
distance from the cemento-enamel junction (CEJ) to the bottom of the pocket, were 
measured on all teeth and recorded in millimeters. 
We used two methods to summarize periodontal status. The first was the maximum 
PPD and CAL reading per individual (continuous data) and second being the CDC case 
definition by Eke et al, 2009 (categorical data) which was further dichotomized to either 
no disease or disease ( mild, moderate and severe categories). Individuals who were 
completely edentulous were excluded from this study.    
 
Dependent Outcome Plasma Homocysteine (Hcy) Data 
Fasting plasma samples were drawn at the VA field site and stored at −80 °C. Total 
homocysteine in plasma was measured by using high-performance liquid 
chromatography with fluorescence detection as described by (Araki and Sako, 1987). 
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Serum Hcy was measured up to four times between 1995 and 2001. We also defined  
HHcy as greater than or equal to 10.2 umol/L, based on Spence JD et al, (2001) who 
reported that levels higher than 10.2 umol/L are associated with a doubling of coronary 
risk.  
 
Data Analysis 
A chi-square test was used in the univariate and repeated data bivariate analysis in order to 
identify any statistical association between periodontal disease and plasma homocysteine 
levels. In our cross-sectional analysis we performed descriptive statistics at baseline as well 
as logistic regression models to predict the odds of HHcy adjusting for confounders. In our 
longitudinal analysis we computed Cox proportional hazard ratios to estimate the relative 
hazard of exceeding an Hcy level of greater than 10.2 umol/L at each exam cycle depending 
on periodontal status at each cycle accounting for covariates. Our confounders were 
determined either by biological plausibility or by statistically significant association with 
the outcome in the bivariate analysis. These included age as a continuous variable, 
education level in three categories (high school level education, college level education 
and graduate level education), diabetes as a dichotomous variable, smoking status as either 
nonsmoker, former smoker or current smoker, and number of teeth as a continuous 
variable.  
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Results 
This prospective study included 469 men between the ages of 51 and 98 years (mean = 
70.5 ± 7.3) at baseline (Table 3.1). The mean number of teeth of these individuals was 
19.5± 7.8 at baseline. The mean maximum CAL per individual was 5.6±1.8 whereas the 
mean maximum PPD per individual was 4.9±1.5 mm.  Hcy levels of our sample ranged 
between 2.96 and 69 umol/L (mean 10.66± 4.1). At baseline, among participants with 
moderate or severe periodontal disease, the odds of having an Hcy level above 10.2 umol/L 
was 1.94 (95% CI, 0.99-3.81) and 1.94 (CI, 0.90-4.20) compared to those with no disease  
respectively (Table 3.4). The Cox proportional hazard regression analysis suggested an 
increased risk of developing an Hcy level above 10.2 over a period of 6 years. Among 
participants with mild, moderate and severe periodontal disease the hazards ratios were 
1.56, 1.61, and 1.61 respectively compared to participants with no disease after adjusting 
for covariates (Table 3.5). These hazards ratios were not statistically significant (p=0.28, 
0.12, 0.17), respectively. During the period of study of 6 years, 160 events occurred out of 
255 individuals while 95 individuals were censored.   
 
Discussion 
To the best of our knowledge, is the first study to prospectively examine the relationship 
between periodontal disease and plasma Hcy levels among a cohort of older men. HHcy 
has been described as an independent cardiovascular disease risk factor by pathologically 
altering vasculature, which may result in atherothrombosis. (Clarke et al. 1991, Refsum et 
al. 1998, Bautista et al. 2002, Collaboration 2002). Our results indicate that those 
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individuals with moderate periodontal disease have a 94% higher odds of having an Hcy 
level of 10.2 umol/L or higher at baseline. To a certain extent, this is consistent with Joseph 
et al (2010). In that case-control study they looked at 85 subjects with chronic periodontitis 
and 91 healthy controls. The participants were matched by age and sex and were further 
grouped into moderate and severe periodontitis. They reported that case and control groups 
had similar levels of fasting blood sugar, lipid profile and body mass index. The mean 
plasma Hcy was 19.22 with a standard deviation (SD) of 8.27 and 10.27 SD 2.50 µmol/L 
for cases and controls respectively. The difference in levels between cases and controls 
was significant. However, no significant difference was observed between the moderate 
and severe groups. However, comparisons of absolute Hcy level are difficult to make with 
our study due to the different study design and method used to estimate plasma Hcy levels. 
They used the enzyme linked immunosorbent assay method to estimate plasma Hcy levels, 
whereas we used the high-performance liquid chromatography method. A recent pilot 
study by Bhardwaj et al. (2015) took it a step further by measuring plasma Hcy levels in 
patients with chronic periodontitis before and after non-surgical periodontal therapy. They 
had 40 participants between 30 and 39 years of age. They divided them into a healthy 
control group and a chronic moderate to severe periodontitis group. Plasma Hcy samples 
were collected and quantified at baseline and 12 weeks after scaling and root planing using 
high performance liquid chromatography with fluorescent detection.  
We did not find any statistically significant association between mild, moderate and 
severe periodontal disease and Hcy levels longitudinally, although the hazard ratios were 
1.6 for all three categories. This is consistent with two cross-sectional studies (Chapple et 
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al. 2007, Han et al. 2011). Although Chapple et al. (2007) aimed to determine whether 
serum antioxidant concentrations were associated with altered odds for periodontitis using 
data from NHANES III, they did not find a positive association between Hcy and 
periodontitis early on and did not include Hcy in the multiple regression analysis. Han et 
al. (2011) aimed to determine whether periodontitis and metabolic syndrome were 
associated with the serum level of C-reactive protein, interleukins 1β, 6, 8, tumor necrosis 
factor α, and homocysteine in a Korean population. They reported no positive associations 
between periodontitis and Hcy plasma levels. However, we may not be able to rely on these 
results due to the limitations and shortcomings of the study. For instance, the authors 
reported that the number of individuals in the disease group was small. Furthermore, the 
cross-sectional design of the study did not allow for causal relation inferences and may 
have lead to residual confounding. Finally, they defined periodontitis using the community 
periodontal index which only captures part of the mouth rather than the entire dentition and 
may capture shallow pocket depths due to recession in older individuals which may lead 
to an underestimation of the actual periodontal condition. 
There are a few limitations to our study that need to be pointed out. The study 
participants were pooled from a convenience sample and thus the risk of selection bias 
cannot be completely ruled out. In addition, the participants were primarily white men and 
thus results may not be applicable to other races/ethnicities or women. Furthermore, a large 
number of participants was lost to follow-up (37.3%) by the end of the 6-year period. This 
may increase the risk of systematic error due to differential loss to follow-up. 
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Conclusion 
To the best of our knowledge, this is the first study to prospectively evaluate the influence 
of periodontal disease on plasma homocysteine levels among older men.  Although these 
results suggest that periodontal disease increases the hazard of exceeding a plasma Hcy 
level of 10.2 umol/L between 56% to 61% over a period of 6 years, these findings were not 
statistically significant.  Future studies are needed to confirm these results in various 
additional cohorts.  
 
 
Table 3.1: Baseline sample characteristics.  
Variable N Mean SD 
Age in years 437 70.5 7.3 
Number of Teeth Present (Excluding 3rd 
Molars) 
437 19.5 7.8 
Serum Hcy Level umol/L 437 10.7 4.1 
Max. Clinical Attachment Loss Score per 
individual in mm 
437 5.6 1.8 
Max. Periodontal Pocket Depth Score per 
individual in mm 
437 4.9 1.5 
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Table 3.2: Sample distribution based on homocysteine (Hcy) level category at baseline. 
Homocysteine 
Category 
Frequency (n=437) Percent 
< 10.2 umol/L 232 53% 
 ≥ 10.2 umol/L 205 47% 
 
 
Table 3.3: Sample distribution based on periodontal status (CDC/AAP case definition) at 
baseline. 
Periodontal Status Frequency (n=437) Percent 
No Disease 52 11.9% 
Mild Disease 24 5.5% 
Moderate Disease 266 60.9% 
Severe Disease 95 21.7% 
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Table 3.4: Odds ratios predicting the odds of having an Hcy level above 10.2 umol/L at 
baseline. 
Variable Effect Odds Ratio 95% CI 
Mild Disease vs. No Disease 1.48 0.50-4.38 
Moderate Disease vs. No Disease 1.94 0.99-3.81 
Severe Disease vs. No Disease 1.94 0.90-4.2 
Cigarette Smoking Status 1.86 1.12-3.11 
Diabetes 1.24 0.59-2.58 
Number of teeth present. 1.00 0.96-1.03 
Age 1.04 1.01-1.08 
 
Table 3.5: Cox proportional hazards predicting the risk of developing an Hcy level of 
10.2 and higher over time. 
Variable Effect Hazard ratio P Value 
Mild Disease vs. No Disease 1.56 0.28 
Moderate Disease vs. No Disease 1.61 0.12 
Severe Disease vs. No Disease 1.61 0.17 
Current Smoking vs. non smoking 3.65 0.002 
Former Smoking vs. non smoking 1.85 0.17 
Number of teeth present. 1.04 0.03 
Age 1.06 0.00 
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Introduction 
Alcohol consumption and the risk of cardiovascular disease have been demonstrated as a 
J-shaped association in a number of epidemiologic studies. (Marmot, Brunner, 1991; 
Jackson, Schragg, Beaglehole, 1991). While consuming alcoholic beverages in moderation 
may slightly reduce the risk, heavy drinking on the other hand increases it. (Doll, Peto, Hall 
et al., 1994). Plasma homocysteine concentration is one of the well-established risk 
indicators for cardiovascular disease (Clarke, Daly, Robinson, et al., 1991). It appears that 
plasma homocysteine (tHcy) is associated with alcohol consumption as well (Jacques, 
Bostom, Wilson, et al., 2001). However, it is clear that the relationship between alcohol 
consumption and tHcy levels is far from understood and complex.  
Our objective was to longitudinally examine the relationship between alcohol 
consumption and plasma homocysteine levels. To the best of our knowledge, this is the 
first prospective cohort study to examine this relationship in older men by stratifying based 
on dietary B6, B12 and folate intakes. 
 
Materials & Methods 
Study Subjects 
Subjects included in this study were part of the VA Dental Longitudinal Study (DLS) that 
was initiated in 1968.  The DLS originally included 1231 healthy men between the ages of 
21 and 84 who resided in the Boston community.  The men were not patients of the VA 
healthcare system.  This longitudinal analysis of alcohol consumption and plasma 
 56 
 
homocysteine levels was conducted using only the 469 DLS participants with food 
frequency questionnaire (FFQ) dietary data, as well as serum homocysteine levels which 
were measured between 1995 and 2001.  For the purpose of this study, the 1995 cycle is 
considered baseline. 
 
Demographic Data 
All subjects completed written questionnaires regarding their age, education level, 
diabetes, and smoking status.   
 
Independent Exposure: Alcohol Consumption 
Habitual dietary intake was determined at each visit using the FFQ developed by Willett 
et al (1987).   The questionnaire consists of 145 food items classified into 42 categories 
per the American Dietetic Association Exchange List for Meal Planning.  For beverages, 
subjects are directed to estimate habitual intake according to 10 distinct categories, 
ranging from “never” to “6+ servings per day”.  Serving sizes of alcoholic beverages 
were explained on the questionnaire for each item (beer = 1 glass, bottle, can; wine = 4 oz 
glass; liquor = 1 drink or shot). Total grams of alcohol were computed by multiplying 
frequency by grams in each serving.  Subjects were then categorized into four 
consumption groups based on the definition of a standard drink as having 14 grams of 
alcohol: non-drinkers, No drinks, those consuming ≤ 1 drink/day (mild consumers), those 
consuming >1- <2 drinks/day (moderate consumers) and finally, those consuming ≥ 2 
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drinks/day (heavy consumers). This categorization is based on the CDC dietary 
guidelines for Americans where the recommended safe amount for men is two drinks per 
day.  Furthermore, subjects were stratified according to B vitamin complex intake. The 
median daily intake of vitamins B6, B12 and folic acid were used as cut-off points to 
classify individuals into below or above average intakes.  
 
 
Dependent Outcome Plasma Homocysteine (Hcy) Data 
Fasting plasma samples were drawn at the VA field site and stored at −80 °C. Total 
homocysteine in plasma was measured by using high-performance liquid 
chromatography with fluorescence detection as described by Araki and Sako (1987). 
Serum Hcy was measured at four time points (between 1995 and 2001). The score was 
either continuous in umol/L or dichotomous (under 10.2 umol/L or over 10.2 umol/L) 
based on Spence et al, (2001) according to whom levels higher than 10.2 umol/L are 
associated with a doubling of coronary risk.  
 
Data Analysis 
A chi-square test was used in the univariate and repeated data bivariate analysis in order to 
identify any statistical association between alcohol consumption and plasma homocysteine 
levels. In our cross-sectional analysis we performed descriptive statistics as well as logistic 
regression models of our baseline data to predict the odds ratio and adjust for confounders.  
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Confounders were determined either by biological plausibility or by statistical significant 
association with the outcome in the bivariate analysis. These included age, education level, 
diabetes, and smoking status. 
In the longitudinal time-to-event analysis Cox proportional hazards ratios were 
used to estimate the relative hazards of exceeding an Hcy level of greater than 10.2 umol/L 
at each exam cycle accounting for covariates. The proportional hazards assumption in these 
Cox regression models was examined by including interactions of the relevant independent 
variables with follow-up time. A generalized estimation equation (GEE) model was also 
used to assess the association between the grams of alcohol consumed per day and umol/L 
of plasma Hcy, both as continuous variables. 
 
Results 
At baseline, the odds of participants who consumed 1 or 2 alcoholic drinks per day of 
having an Hcy level above 10.2 umol/L were lower by 16% (95% CI, 0.52 - 1.35 ) and 
34% (CI, 0.35 - 1.25) , respectively, compared to those who did not drink (Table 4.2). 
However, the odds of participants who consumed more than two alcoholic drinks a day of 
having an Hcy level above 10.2 umol/L were significantly greater (HR=2.34, CI: 1.20 - 
4.58) compared to those who did not drink (Table 4.2). 
The Cox proportional hazards regression analysis of developing an Hcy level above 
10.2 umol/L over a period of 6 years showed that in participants who consumed one or up 
to two alcoholic beverages per day, the hazards ratios were 0.83 (CI, 0.56 – 1.23) and 0.82 
(CI, 0.48 – 1.41), respectively compared to participants who did not drink after adjusting 
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for covariates (Table 4.3). However, the hazard ratio for those who consumed two drinks 
or more per day was 1.76 (CI, 1.04 – 2.99) compared to those who did not drink and was 
statistically significant. During the period of study of 6 years, 163 events occurred out of 
267 individuals while 104 individuals were censored.  The proportional hazards 
assumption was found to be valid in these data as no significant interaction with follow-up 
time was observed. 
When stratified by B vitamin intakes, the hazards of developing 
hyperhomocysteinemia  were further elevated among men with below-average intakes of 
vitamin B12 and folate (Table 4.4). 
The unadjusted GEE model showed that each gram of alcohol consumed per day 
led to an overall increase of 0.021 umol/L of plasma Hcy (P=0.027). The adjusted GEE 
model (controlling for age, diabetes, smoking status and education)  showed that each gram 
of alcohol consumed per day led to an overall increase of 0.045 umol/L of plasma Hcy 
(P=0.003)  
 
Discussion 
Among alcoholics, Hultberg, Berglund, Andersson, et al. (1993) compared Hcy 
concentrations of 42 alcoholics hospitalized for detoxification to 16 abstinent alcoholics. 
They found similar concentrations in both groups, thereby demonstrating a direct 
relationship between chronic alcohol consumption and increased Hcy concentration.  
In a larger cross-sectional study, an inverse relation was observed between alcohol 
consumption and Hcy concentrations (Ubbink, Fehily, Pickering, et al. 1998). They utilized 
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data from a cohort consisting of 2398 men to assess the predictive power of the serum total 
homocysteine concentration for future ischemic heart disease. They found that alcohol was 
negatively associated with serum Hcy levels. Finally, they went on to recommend that the 
alcohol effect should be studied more closely in different datasets. 
It has been suggested that the relation between alcohol consumption and Hcy is also 
J-shaped, which could explain the seemingly contrasting results from population-based 
studies and studies among alcoholics (Koehler et al. 2001). In that cross-sectional study 
the authors used linear regression to model changes in Hcy in a total of 278 elderly men 
and women. There were two associations of alcohol intake with Hcy: a positive association 
for intake ≥60 drinks/month compared with low intake, and effect modification by folate 
intake and supplementation for alcohol use or nonuse. Alcohol nonusers had higher 
predicted serum Hcy and the inverse dose-response relation with food folate intake was 
smaller and less significant than in alcohol users. However, one must take into 
consideration that the age of the study population ranged from 66-94 years and so these 
findings may apply to and population as such.  
There are a few limitations to our study that need to be pointed out. The participants 
were primarily white men and thus results may not be applicable to other races/ethnicities 
or women. Furthermore, a large number of participants was lost to follow-up (39%) by the 
end of the 6-year period. This may increase the risk of systematic error due to differential 
loss to follow-up  
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Conclusion 
Alcohol consumption leads to an increase in plasma homocysteine. Compared to non-
drinkers, men who consumed two drinks or more per day had 76% greater hazards over 6 
years of developing an Hcy level above 10.2 umol/L, a level shown to increase the risk of 
coronary disease. To the best of our knowledge, this is the first study to prospectively 
evaluate the influence of alcohol consumption on plasma homocysteine levels among older 
men stratifying by B6, B12 and folate intake.  Future studies are needed to confirm these 
results in various additional cohorts.  
 
Table 4.1: Sample distribution based on alcohol consumption category at baseline. 
Alcohol Consumption Frequency (n=469) Percent 
No Drinking 117 24.9% 
Consuming  ≤ 1  drink/day 217 46.2% 
Consuming  >1- <2 drinks/day 72 15.3% 
Consuming  ≥ 2 drinks/day 63 13.6% 
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Table 4.2: Odds ratios predicting the odds of having an Hcy level of 10.2 umol/L or 
higher at baseline. 
Variable Effect Odds Ratio 95% CI 
Consuming  ≤ 1  drink/day vs. No drinking 0.84 0.52 - 1.35 
Consuming  >1- <2 drinks/day vs. No drinking 0.66 0.35 - 1.25 
Consuming  ≥ 2 drinks/day vs. No drinking 2.34 1.20 - 4.58 
Current cigarette smoker vs. non smoker 3.44 1.15 - 10.33 
Former cigarette smoker vs. non smoker 2.27 0.84 - 6.11 
Diabetic vs. non diabetic 1.34 0.67 - 2.71 
Age 1.05 1.025- 1.084 
 
 
Table 4.3: Cox proportional hazards predicting the risk of developing an Hcy level of 
10.2 umol/L or higher over time by alcohol intake level. 
Variable Effect Hazard ratio 95% CI 
Consuming one alcoholic drink/day 0.83 0.56 – 1.23 
Consuming 1-2 alcoholic drinks/day 0.82 0.48 – 1.41 
Consuming 2 or more alcoholic drinks/day 1.76 1.04 – 2.99 
Current Smoking vs. non smoking 2.84 1.42 – 5.67 
Former Smoking vs. non smoking 1.49 0.56 – 3.98 
Age 1.06 1.03 – 1.08 
Diabetes vs. Healthy  1.16 0.50 – 2.70 
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Table 4.4: Cox proportional hazards predicting the risk of homocysteine level >=10.2 
umol/L by alcohol intake level and stratified by intake of vitamin B6, vitamin B12, or 
folate. Reference groups for each vitamin are intake > median. Hazards ratios are 
controlled age, smoking status, diabetes, and education level. 
 
Alcohol consumption group vs. non-
drinker 
 
Vitamin B6 
intake 
<2.68 mg/d  
 
Vitamin B12 
intake <8.62 
g/d 
 
Folate intake 
<395 g/d 
 
Consuming  ≤ 1  drink/day (mild) 
0.98 
(p=0.94) 
1.09   
(p=0.87) 
1.22 
(p= 0.66) 
 
Consuming >1- <2 drinks/day (mod.) 
1.03 
(p=0.96) 
0.96    
(p=0.13) 
1.34 
(p=0.64) 
 
Consuming  ≥ 2 drinks/day (heavy) 
1.38 
(p=0.57) 
2.65  
(p=0.13) 
2.34          
(p=0.15) 
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